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P.  H.  Dudley’s  “  D  ”  Brand  of  Rails,  Curves  of  Radiation  of  Head  and  Base  of  Cooling  Rails  showing  Recalescence. 
SCALES  Horizontal — One  minute  per  space.  Vertical — Two  degrees  Cent,  per  space. 

Head  denoted  by  plain  line  ;  Base  by  line  with  dots  at  each  minute  of  observation. 

1  he  observations  for  temperature  were  commenced  in  about  two  minutes  after  the  rails  were  rolled,  using  special  Centigrade 
1  hermometers  with  nitrogen  over  the  mercury.  The  bulbs  were  enclosed  in  sheet  iron  hoods  so  as  to  expose  equal  surfaces  of 
the  rail,  as  shown  below  in  the  sketch.  The  bulbs  were  inches  from  the  rail.  The  temperatures  for  the  head  and  base  are 
given  on  the  left,  while  those  on  the  right  only  refer  to  the  base. 
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STRUCTURE  IN  STEEL. 

BY  P.  H.  DUDLEY,  C.E. 

( Read  February  21st ,  i8g6.) 

The  combination  of  a  few  hundredths  of  one  per  cent,  of 
the  metalloid  carbon  with  the  metal  iron  not  only  changes  the 
structure  of  the  latter,  converting  it  into  steel  and  making  it 
stronger,  but  gives  it  entirely  new  properties.  Owing  to  the 
ready  facility  by  thermal  treatment  of  so  easily  modifying  the 
structure  of  steel,  which  can  be  produced  in  so  many  grades 
giving  a  wide  range  in  physical  properties,  it  has  received  a 
greater  development  in  the  past  thirty-five  years  than  any 
other  metallurgical  product. 

The  term  steel  is  no  longer  confined  to  the  crucible  steels 
of  a  few  years  since,  but  includes  a  great  range  of  products 
from  a  few  points  in  carbon  to  those  of  over  two  per  cent., 
while  there  are  a  number  of  special  steels — some  other  metal 
forming  a  large  percentage  of  the  alloy. 

The  output  of  steel  in  this  country  has  increased  from 
11,838  tons  of  crucible  steel  in  i860  to  over  5,000,000  tons  of 
all  grades  the  past  year,  one-fifth  the  product  being  steel  rails. 
9,000,000  tons  of  pig  iron  were  produced  last  year,  more  than 
one-half  of  it  being  converted  into  steel.  Steel  has  rapidly 
supplanted  iron  for  the  ordinary  grades,  as  it  can  be  produced 
cheaper  and  more  rapidly  than  iron,  and  is  much  stronger. 

The  medium  and  hard  steels  may  be  forged,  pressed,  rolled 
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and  machined  into  shapes.  Then  by  further  thermal  treat¬ 
ment,  at  a  temperature  far  below  fusion,  a  modification  of  the 
internal  structure  of  the  mineral  aggregates  is  produced,  the 
steel  having  the  wonderful  property  of  acquiring  great  hard¬ 
ness  by  rapid  cooling,  which  can  be  modified  by  subsequent 
tempering.  These  wonderful  properties  of  the  carbon  steels 
permit  of  obtaining  a  great  range  of  physical  properties  out  of 
the  same  bar,  by  modification  of  the  structure  by  thermal 
treatment  at  different  temperatures.  While  these  facts  are 
generally  known  in  regard  to  tool  steels,  they  are  not  as  gen¬ 
erally  known  as  they  should  be  for  other  grades,  and  a  large 
portion  of  steel  is  used  with  its  mineral  aggregates  too  well 
developed  for  the  steel  to  sustain  more  than  one-half  or  two- 
thirds  of  the  strain  it  could  were  its  structure  in  proper 
condition. 

I  have  here  a  small  rod  of  steel  one  foot  long,  one  end  so 
hard  it  will  scratch  glass,  the  other  end  being  so  soft  I  can 
cut  it  with  a  knife,  while  intermediate  between  the  ends  are 
many  grades  of  physical  properties,  the  central  portion  hav¬ 
ing  a  structure  so  fine  that  it  has  a  probable  tensile  strength 
equal  to  200,000  lbs.  per  square  inch,  nearly  double  what  the 
untreated  end  will  stand.  The  hardened  steel  is  so  hard  it  is 
as  fragile  as  glass.  Every  inch  of  the  rod  has  a  different 
structure,  the  hardened  end  being  the  coarsest  owing  pur¬ 
posely  to  such  a  high  temperature  being  used  as  to  fully 
develop  the  crystals  on  the  first  inch  of  the  bar.  The  struct¬ 
ure  decreases  in  coarseness  to  the  centre,  then  increases  slowly 
to  the  untreated  end. 

The  knowledge  of  being  able  to  harden  steel  is  many  cent¬ 
uries  old,  and  has  been  an  important  factor  in  advancing 
civilization.  The  iron  of  the  ancients  being  produced  in 
small  quantities  by  reducing  the  iron  ores  in  charcoal  fires,  it 
would  not  be  necessary  to  completely  decarbonize  the  product 
and  then  recarbonize  it  again  for  steel,  but  they  could  stop 
the  decarbonization  at  a  point  where  by  further  refining  the 
steel  they  could  harden  it,  which  they  found  out  how  to  do. 

There  is  good  reason  to  believe  that  steel  tools  were  in  use 
prior  to  and  during  the  building  of  the  pyramids,  for  a  large 
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sheet  of  iron  has  been  obtained  from  the  pyramids  of  Ghizeh 
and  is  now  preserved  in  the  British  Museum.  The  famous 
iron  mines  of  Elba  are  known  to  have  been  worked  for  over 
forty  centuries,  supplying  iron  to  the  countries  south  of  the 
island  long  before  the  foundation  of  Rome.  In  removing  some 
very  ancient  rubbish  at  the  mine  of  Rio  Marina  a  few  years 
ago,  stone  implements  and  other  objects  of  the  “stone  age” 
were  discovered.  This  seems  to  show  clearly  that  iron  ore 
was  excavated  for  industrial  purposes  before  the  end  of  the 
“stone  age,”  and  substantiates  the  assertion  that  weapons 
and  armor  made  from  Elban  iron  were  used  in  the  siege  of 
Troy,  1280  years  B.C.  I  have  used  many  thousand  tons  of 
ore  from  Elba  in  the  past  few  years. 

The  melting  of  steel  in  crucibles  and  casting  it  was  invented 
by  Hurstman,  a  clockmaker  in  Sheffield,  England,  in  1740, 
about  a  century  after  “Dud  Dudley”  introduced  “pit  coal  ” 
and  “sea  coal  ”  for  smelting  iron  in  England.  The  past  sum¬ 
mer  I  had  the  pleasure  of  visiting  the  scene  of  his  early  labors, 
and  from  the  “Keep”  of  his  castle,  which  was  founded  in 
700 — one  of  the  oldest  in  England — I  saw  from  his  small  be¬ 
ginnings,  hundreds  of  stacks  sending  up  their  dark  columns 
of  smoke  or  their  lurid  flames,  still  reducing  ore,  coal  and 
limestone  from  the  same  mines,  the  three  articles  being  found 
in  the  same  locality. 

Melting  the  blister  steel  and  casting  it  rendered  the  struct¬ 
ure  of  the  steel  in  a  bar  more  homogeneous  than  it  was  possi¬ 
ble  to  obtain  without  casting. 

Since  the  invention  and  installation  in  recent  years  of  the 
rapid  processes  for  converting  iron  into  steel,  grades  of  low, 
medium  and  high  carbons  are  rapidly  produced,  and  a  cus¬ 
tomer  can  obtain  grades  which  he  may  consider  best  suited 
for  his  purposes. 

In  steel  for  boilers,  for  bridges  and  great  structures,  which 
must  be  fashioned  and  punched  cold,  the  structure  must  be 
such  that  it  is  homogeneous,  soft,  and  does  not  sensible 
harden  when  suddenly  cooled,  has  great  ductility,  and  suffers 
great  distortion  before  fracture. 

For  guns,  projectiles,  marine  shafting  and  armor  plates,  a 
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higher  grade  of  steel  must  not  only  be  used,  but  it  must  be 
further  subjected  to  heat  treatment  to  put  the  structure  of  the 
mineral  aggregates  into  the  best  condition  for  the  special 
purposes  for  which  each  steel  may  be  designated. 

When  crucible  steels  were  the  principal  output,  carbon 
was  considered  about  the  only  element  it  was  necessary  to 
add  to  improve  the  steel,  but  since  the  structure  of  steel  has 
been  studied  of  late  years  a  number  of  metals  have  been 
found  which  give  special  properties  to  the  steel  which  carbon 
alone  will  not  do.  We  now  have  nickel  steels  for  armor 
plates,  guns  and  shafting,  chromium  steels  for  projectiles,  and 
manganese  steels,  which  have  the  property  of  being  tough¬ 
ened  when  red  hot  and  plunged  into  water — just  the  opposite 
to  carbon  steels. 

There  are  several  methods  for  studying  the  structure  of 
steels,  the  most  prominent  being: 

First.  The  texture  of  fractured  surfaces  unhardened,  hard¬ 
ened  and  tempered. 

Second.  Physical  properties. 

Third.  The  changes  in  appearance  of  the  surfaces  under 
distortion,  wear,  or  physical  tests. 

Fourth.  Chemical  analysis  of  the  constituents. 

Fifth.  Phenomena  under  heat  treatment. 

Sixth.  Polishing  and  etching  surfaces  for  examination  under 
the  microscope. 

Seventh.  Photomicrographs  of  the  etched  surfaces. 

I  have  named  the  methods  of  the  list  in  the  order  which 
they  have  been  developed.  The  first,  second  and  third  are 
the  oldest,  and  served  for  the  development  of  steel  until  the 
present  century,  and  they  are  still  indispensable.  The 
texture  shows  at  once  whether  the  fracture  is  fine  or  coarse¬ 
grained,  fibrous,  crystalline,  or  granular.  The  grading  of  fine 
crucible  steels  is  still  made  by  the  texture,  and  the  men  are 
so  expert  that  it  is  said  they  can  readily  grade  to  within  one 
or  two  hundredths  per  cent,  of  carbon  by  the  eye.  You  will 
note  from  the  specimens  before  you  the  striking  difference  in 
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texture — some  very  coarse  while  others  are  so  fine  the  texture 
is  hardly  discernible. 

The  physical  properties  of  steel  may  be  soft  or  hard,  weak 
or  strong,  tough  or  brittle,  each  of  which  can  be  traced  to  its 
respective  structure.  This  must  be  understood  as  referring 
to  dates  long  before  the  use  of  the  testing  machines,  which 
are  of  recent  construction,  and  refer  to  properties  which 
would  be  generally  understood  but  not  definitely  expressed  as 
a  measured  property  or  quantity.  The  appearance  of  test 
bars  under  severe  strain  in  a  modern  testing  machine  at  once 
indicates  a  fine  or  coarse  texture  long  before  fracture  takes 
place,  and  conveys  quite  as  much  information  as  to  the  con¬ 
dition  of  the  metal  as  the  determined  elastic  limits  and  ulti¬ 
mate  strength.  I  have  here  a  portion  of  a  tensile  specimen 
which  was  in  excellent  condition,  the  elastic  limits  being 
nearly  100,000  lbs.  and  the  ultimate  strength  nearly  180,000 
lbs.,  which  extended  perfectly  smooth.  After  fracture  in  the 
testing  machine  one  end  was  doubled  upon  itself  and  did  not 
break  until  it  was  completely  closed.  Such  material  not  only 
has  great  strength,  but  can  withstand  severe  shocks. 

Chemical  Analyses. 

All  grades  of  steel  are  now  made  up  according  to  some 
chemical  composition.  For  the  low  grades  which  receive  a 
very  uniform  treatment  of  manufacture,  we  can  calculate 
approximately  what  the  ultimate  strength  will  be  from  the 
chemical  composition,  or,  in  other  words,  a  definite  structure 
is  the  result  for  the  given  composition  and  treatment.  This 
should  be  true  for  the  higher  grades,  but  the  results  have  not 
been  so  closely  determined,  and  there  is  a  quite  general  opin¬ 
ion  that  the  relations  between  the  chemical  compositions  and 
the  physical  properties  cannot  be  traced.  It  is  a  very  complex 
problem  and  it  will  require  years  to  collect  the  data  and  solve 
the  question. 

Phenomena  under  Heat  Treatment. 

As  heat  treatment  is  now  used  to  modify  the  structure  of 
steel  as  one  of  the  important  steps  for  putting  the  structure 
in  the  best  condition,  we  should  be  able  to  see  at  the  temper- 
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ature  when  the  changes  occur  the  effects  upon  the  steel  bar. 
Some  steels  after  being  heated,  say  to  1000  degrees  centi¬ 
grade,  as  they  cool  down  after  reaching  a  temperature  a  little 
below  750  degrees  will  suddenly  rise  in  temperature — or  at 
least  the  rate  of  cooling  for  a  few  seconds  will  be  much 
retarded — and  then  proceed  with  greater  rapidity.  In  some 
steels  with  little  carbon  content,  three  distinct  periods  of  re¬ 
tardation  occur,  while  in  steels  higher  in  carbon  but  one 
decided  retardation  is  noted. 

Osmond  has  designated  these  points — ar3,  ar2,  aiq,  and 
these  points  are  shown  in  a  diagram  (Plate  53)  of  the  cooling 
down  of  four  steel  rails  with  different  percentages  of  carbon. 
When  the  decided  change  occurs  in  a  steel  bar  it  is  usually 
called  the  recalescence,  and  in  a  steel  rail  which  has  a  more 
compact  mass  of  metal  in  the  head  than  base,  the  latter  cool¬ 
ing  sooner  than  the  head,  the  recalescence  of  each  does  not 
occur  at  the  same  time,  but  a  few  minutes  apart,  the  base 
curving  around  the  head  and  then  the  head  curving  around 
the  base  and  finally  as  the  rail  becomes  cool  it  is  supposed  to 
cool  straight,  but  practically  it  does  not. 

In  order,  however,  for  the  rails  to  cool  approximately 
straight  after  they  leave  the  rolls  and  are  sawed  into  lengths, 
some  6y2  inches  being  allowed  for  shrinkage  for  a  30-foot 
rail,  the  rails  must  be  cambered  from  4  to  16  inches,  depend¬ 
ing  upon  the  relative  masses  between  the  heads  and  base.  I 
have  balanced  my  section  so  they  only  require  the  minimum 
amount  of  camber.  After  the  rails  are  cambered  they  go  to 
the  hot-beds,  where  in  three  or  five  minutes,  while  the  general 
temperature  of  the  rails  is  reducing,  they  straighten,  then  the 
base  curves  around  the  head  nearly  as  much  in  the  opposite 
direction  as  it  was  cambered  in  the  first  place.  This  is  the 
recalescence  of  the  base.  In  one  to  three  minutes  the  rails  re¬ 
straighten — recalescence  of  the  head — then  the  head  continues 
curving  around  the  base  until  the  camber  is  much  more  than 
the  original  amount.  This  takes  place  in  ten  to  twelve 
minutes  as  a  rule,  then  as  the  rails  cool,  in  twenty-five  to  forty- 
five  minutes  they  straighten,  or  practically  so,  for  the  third 
time.  The  rails  with  deep  heads  are  quite  irregular,  for  the 
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most  experienced  man  cannot  always  judge  as  to  the  correct 
temperature  of  each  rail  and  adjust  his  cambering  machine. 
The  illustrations,  Plates  54,  55,  show  the  cooling  of  two 
different  types  of  rails  on  the  hot-beds.  Plate  56  shows  the 
curves  of  radiation  of  head  and  base  of  cooling  rails,  indicat¬ 
ing  also  the  recalescence. 

Polishing  and  Etching  Surfaces  and  Examinations 

UNDER  THE  MICROSCOPE. 

Dr.  Sorby  of  London  was,  perhaps,  the  first  to  take  up  the 
study  of  the  structure  of  steel  by  preparing  their  sections, 
etching  them  and  studying  the  structure  under  the  microscope. 
Dr.  Marten,  of  Berlin,  has  a  special  laboratory  fitted  up  by  the 
German  Government  for  the  preparations  of  the  specimens, 
etching,  microscopical  study  and  making  photomicrographs 
of  the  etchings.  Dr.  Welding,  of  Germany,  has  also  studied 
the  microscopic  structure  of  steel.  It  is  now  many  years 
since  I  took  up  the  study  of  the  structure  of  steel  under  the 
microscope,  and  designed  a  type  of  section  which  has  become 
the  type  of  sections  for  many  countries.  Dr.  Howe,  of  Boston, 
in  writing  his  work,  “Metallurgy  of  Steel,”  analyzed  Dr. 
Sorby’s  work,  and  in  place  of  the  long  and  cumbersome  descrip¬ 
tions  given  by  Dr.  Sorby  suggested  mineralogical  ones: 

1st.  For  Sorby’s  free  iron,  Howe  suggested  Ferrite. 

2d.  For  iron  combined  with  carbon,  the  intensely  hard 
compound,  Cementite. 

3d.  For  the  pearly  constituent  or  compound  re-crystallized, 
Perlite. 

4th.  For  the  pearly  constituent  or  compound  un-recrystal- 
lized,  Hardenite. 

5th.  For  the  ruby  and  dark  crystals,  Sorbite. 

The  list  could  hardly  be  considered  more  than  a  provisional 
one.  A  great  many  investigators,  working  on  different  steels 
prepared  at  different  temperatures,  have  as  yet  only  recog¬ 
nized  three  of  Dr.  Sorby’s  constituents  as  probably  primary 
ones  of  steel.  The  subject  is  very  diffcult  and  complex.1 
Osmond  of  Paris,  who  has  devoted  years  of  labor  to  the  study 
of  the  structure  of  steel  for  scientific  and  industrial  purposes, 
using  one  of  Le  Chatelier’s  electric  pyrometers  to  measure 
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the  temperature  to  which  he  heated  or  hardened  his  steel, 
gives  and  describes  a  provisional  list  of  five  probable  primary 
constituents  of  the  carbon  steels.  He  has  recently  sent  me 
his  paper  and  some  of  the  many  photomicrographs  he  has 
taken,  to  study  and  illustrate  the  subject.  From  the  extreme 
difficulty  of  the  work,  you  will  notice  that  the  photomicro¬ 
graphs  are  excellent,  and  so  far  as  I  know  have  not  yet  been 
equalled.  It  must  not  be  supposed  that  it  will  be  possible  for 
the  microscope  to  resolve  anywhere  near  the  molecular 
structure  in  steel,  only  that  structure  which  pertains  more 
nearly  to  the  mineral  aggregates  near  their  inception  and  sub¬ 
sequent  development,  and  if  a  sufficiently  high  temperature  is 
reached,  more  or  less  well  developed  crystals  are  formed. 

Iron  has  been  considered  to  have  two  allotropic  conditions 
for  some  time.  Osmond  now  speaks  of  three  as  well  defined, 
and  mentions  a  fourth.  The  cementite  constituent  of  steel  is 
the  hard  carburet  of  iron  mentioned  by  Caron  and  described 
by  Sorby,  Welding,  Marten  and  Osmond.  The  martensite  is 
a  transition  condition  and  is  possibly  not  a  primary  con¬ 
stituent.  Troostite  is  also  a  transition  condition  in  the 
hardened  steels.  Sorbite,  Osmond  considers  about  the  same 
as  pearlite,  described  by  Sorby,  which  he  has  named  in  honor 
of  Dr.  Sorby;  but  in  his  descriptions  of  the  photomicrographs, 
he  speaks  more  frequently  of  perlite  than  sorbite;  therefore 
some  ambiguity  exists  as  to  his  real  meaning,  though  it  is  a 
matter  of  little  consequence,  for  further  studies  will  clear  up 
these  points,  and  elucidate  many  more  which  are  doubtful  in 
the  larger  lists  of  special  steels. 

How  all  the  different  metals  and  metalloids  are  distributed 
in  the  complex  mineral  aggregates  of  steel  has  not  been 
determined.  All  of  the  metalloids,  even  in  very  minute 
quantities,  have  an  important  influence  in  modifying  both  the 
structure  of  the  mineral  aggregates  and  the  steel.  Unless 
different  observators  work  upon  the  same  piece  of  steel,  and 
under  the  same  conditions  as  to  temperatures,  their  etchings 
will  have  marked  differences  of  structure,  and  will  continue  to 
give  rise  to  different  interpretations. 

Osmond,  in  order  to  work  out  his  results,  secured  four 
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steels,  one  of  0.02  in  carbon,  one  of  0.14  in  carbon,  one  of 
0.45  in  carbon,  and  one  of  1.25  in  carbon.  Then  he  used  the 
pyrometer  before  mentioned,  to  measure  exact  temperatures 
to  which  each  piece  of  steel  was  heated,  hardened  or  treated. 

Steel  of  0.02  in  carbon,  practically  pure  iron  : — This  was 
specially  prepared  for  this  examination.  The  irregular  grains 
of  the  ferrite  are  shown  by  Fig.  307.  Heating  the  bar  to  a 
white  heat  did  not  sensibly  change  the  structure.  This  was 
only  a  very  small  piece  and  the  remark  does  not  apply  to  large 
pieces  of  common  iron  more  or  less  impure,  for  in  large  pieces 
the  structure  is  often  very  large. 

Steel  of  o.  14  in  carbon  : — This  is  a  grade  used  for  many  pur¬ 
poses — boilers,  structures  and  bridges.  In  polishing  by  bas- 
relief,  a  number  of  scattered  filaments,  more  or  less  curved, 
detach  themselves  and  appear  dark  on  the  photo-micrograph. 
These  are  the  fragments  of  perlite  mixed  with  cementite  and 
sorbite,  which  reduce  themselves  to  simple  lamellae.  Prof. 
Welding  calls  this  crystalline  iron.  The  surplus  is  ferrite. 
By  prolonged  polishing  the  polyhedral  grains  of  ferrite  appear. 
The  perlite  is  not  clearly  distinguished  in  the  large  joints. 

The  Influence  of  Annealing. 

Above  1,000  degrees  centigrade  the  grains  become  irregular 
and  have  a  tendency  to  lengthen  in  groups  of  bands  in  juxta¬ 
position.  The  perlite  is  generally  on  the  exterior  of  the 
mineral  aggregates,  and  stratifies  itself  in  joints  for  a  steel 
of  this  percentage  of  carbon.  The  dimensions  and  forms  of 
the  grains  are  practically  characteristic  for  a  given  tempera¬ 
ture.  Figs.  157-159  and  160  represent  a  common  enlarge¬ 
ment  of  100  diameters,  forged  and  reheated  to  750  degrees — 
shown  by  Fig.  157,  and  reheated  to  1015  degrees,  Fig.  159, 
and  reheated  to  1330  degrees,  Fig.  160.  We  see  at  once  the 
effect  of  a  small  percentage  of  carbon  to  modify  the  structure 
at  different  temperatures. 

Influence  of  Hardening. 

A  disc  of  steel  was  heated  to  960  degrees,  a  temperature  at 
which  the  point  ac3  has  been  passed,  cooled  slowly  to  670 
degrees  and  then  hardened  in  water  at  15  degrees  temperature. 
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The  polish  brings  into  relief  a  number  ot  inclusions,  but  less 
delineated  than  in  the  annealed  steels.  The  inclusions  are 
not  perlite,  but  martensite,  with  a  fine  border  of  troostite.  The 
martensite  is  formed  upon  hardening  the  steel,  and  is  not 
found  before  hardening  in  the  ordinary  carbon  steels.  It  is 
not  yet  certain  that  it  is  a  primary  constituent  of  carbon  steel, 
but  it  is  at  least  one  of  the  transition  conditions.  It  perhaps 
represents  one  of  the  crystalline  originations  under  the  influ¬ 
ence  of  carbon  on  one  of  the  allotropic  conditions  of  iron.  It 
will  be  interesting  to  see  whether  it  is  contained  in  the  self¬ 
hardening  steels. 

Steel  of  0.45  in  carbon.  This  grade  of  steel,  heated  to  825 
degrees  and  hardened  at  720  degrees  in  a  mixture  cooled  to 
—  20  degrees,  shows  structure  vaguely  by  the  polishing  in 
bas-relief;  but  the  martensite  develops  in  the  polish  attack, 
and  then  one  sees  a  feeble  hollow  of  groups  of  needles  or  rec¬ 
tilinear  fibres  orientated,  parallel  or  separated,  filled  up  with 
grain  or  vermicular  markings.  Three  systems  of  fibres 
respectively  parallel  to  the  sides  of  a  triangle  are  frequently 
seen  in  the  same  region. 

A  0.45  carbon  steel,  heated  to  825  degrees  and  hardened  at 
690  degrees,  under  polish  in  bas-relief,  shows  the  nuclei  in 
relief,  and  the  shreds  in  holes,  and  between  the  two  a  border 
of  great  variability  and  intermediate  hardness,  and  after  the 
polish  attack  the  nuclei  are  seen  to  be  martensite  and  the  soft 
shreds  are  ferrite.  Fig.  208.  The  troostite  is  also  a  transition 
form  in  hardened  steel. 

Steel  of  1.25  in  carbon.  A  steel  of  this  grade,  annealed  to 
750  degrees,  is  nearly  formed  of  perlite.  The  alternate 
lamellae  appear  very  definite  at  some  points  which  Osmond  has 
named  sorbite  in  honor  of  Dr.  Sorby ;  but,  as  I  have  stated, 
he  still  retains  the  use  of  perlite  in  his  descriptions. 

Perlite,  Fig.  249,  is  from  this  grade  of  steel — 1.25  in  car¬ 
bon.  After  annealing,  the  hard  lemellae  are  the  perlite  and 
cementite,  and  the  soft  lamellae  ferrite.  Osmond  says,  “  the 
facts  show  that  the  alternate  lamellae  of  the  perlite  can  be 
formed  sometimes  of  sorbite  and  ferrite,  and  sometimes  of 
cementite  and  ferrite,  with  or  without  the  intervention  of 
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sorbite.  The  chemical  composition  of  sorbite  is  yet  unsolved, 
but  it  is  possibly  a  variety  of  the  hardening  carbon.”  In  a 
science  which  is  so  new  it  must  be  expected  that  some  doubt 
and  confusion  exist  which  will  become  plain  as  progress 
is  made.  Already  it  is  possible  from  a  given  piece  of  steel 
to  very  definitely  trace  the  last  thermal  treament  it  has 
received,  and  to  further  note  whether  or  not  any  previous 
thermal  treatment  has  been  injurious  to  the  steel. 

Osmond’s  schematic  diagram  of  the  diffusion  of  carbon 
by  heating  the  steel  is  very  interesting  and  instructive. 
He  assumes  for  illustration  that  the  carbon  of  the  mineral 
aggregates  is  concentrated  at  their  centres  surrounded  by 
ferrite.  He  takes  a  square  of  ferrite  and  in  the  centre  places 
a  disc  of  carburet  of  iron  FE3C,  cementite  and  sorbite.  He 
also  places  a  portion  in  each  of  the  four  corners  of  the  square 
— represented  by  3a.  Then  he  elevates  the  temperature,  and 
at  the  point  act  the  cementite  decomposes  itself  and  emits  an 
atmosphere  of  carbon  under  the  form  of  hardening  carbon. 
Whatever  may  be  the  exact  chemical  signification  of  this 
word,  the  carbon  diffuses  itself  as  though  it  were  a  gas  under 
pressure,  and  up  to  the  end  of  the  transformation  of  the  tem¬ 
perature  of  ac1  the  situation  will  be  represented  by  the  scheme 
3b.  The  black  circles  of  cementite  are  reduced  and  sur¬ 
rounded  by  a  zone  of  martensite,  shown  by  hatched  lines, 
which  are  bordered  by  a  narrow  zone  of  troostite,  shown  by  a 
zone  of  dots.  [Plate  57.] 

In  a  temperature  a  little  higher  the  cementite  disappears, 
3c,  and  the  martensite  increases.  If  the  temperature  in¬ 
creases  the  martensite  circles  expand  and  the  troostite  zones 
of  transition  become  fused,  3d,  the  martensite  still  further 
coalesces  as  in  3e,  and  finally  the  entire  portion  of  the  ferrite 
is  affected  as  in  3T  This  progressive  diffusion  of  the  carbon 
takes  place  in  a  variable  temperature  and  also  requires  an 
interval  of  time.  In  the  slow  cooling  down  of  the  steel  the 
phenomena  above  described  would  reverse.  Osmond  describes 
a  zone  of  transition  sorbite  between  the  cementite  and  the 
martensite,  but  does  not  show  it  in  the  schematic  diagrams. 

The  query  is  raised  in  one’s  mind,  in  what  state  or  condition 
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is  it  possible  for  carbon  to  exist  in  steel,  by  which,  between 
temperatures  of  650  to  850  degrees,  it  is  possible  to  make  it 
so  completely  diffuse  itself  through  the  mass  of  iron,  that  it 
can  be  held  in  that  state  of  diffusion  by  rapidly  cooling  the 
metal? 

I  have  previously  shown  you  a  small  ingot  of  0.48  carbon 
steel,  where  I  had  placed  a  solid  battery  carbon  on  one  side  of 
the  mould,  and  when  the  hot  steel  was  poured  into  the  mould, 
this  side,  for  the  first  y1^  of  an  inch,  absorbed  1  per  cent,  of 
carbon,  and  the  carbon  increased  beyond  the  third  sixteenth 
of  an  inch  in  depth.  The  in^ot  was  small — about  8  pounds — 
and  only  remained  hot  a  few  moments.  This  was  similar  to 
the  method  of  Harveyizing  armor  plates,  which  are  embedded 
on  one  side  in  wood  or  bone  charcoal  in  large  furnaces,  and  a 
red  heat  is  maintained  in  the  plates  for  12  to  15  days.  One 
side  absorbs  an  additional  quantity  of  carbon,  and  when  it  is 
sprayed  with  ice-cold  water,  the  face  of  the  plate  becomes  so 
hard  that  it  cannot  be  scratched  with  a  steel  tool.  This  hard 
surface  is  for  the  purpose  of  breaking  up  the  projectiles  of 
hostile  guns.  At  Schneider  &  Co.’s  Armor  Plate  and  Gun 
Works,  Cruesot,  France,  they  are  putting  in  a  large  heating 
furnace,  two  armor  plates  with  a  gas-tight  space  between  them. 
The  plates  are  heated  red  hot  and  the  space  charged  with  a 
carbonaceous  gas,  the  plates  absorbing  the  carbon.  Solid 
carbon  does  not  come  in  contact  with  the  plates,  the  structure 
being  modified  with  gaseous  carbon. 

So  far  as  we  can  now  resolve,  the  structure  in  steel  under 
the  microscope  with  a  power  of  a  thousand  diameters,  as  be¬ 
fore  stated,  there  seems  much  beyond  our  power,  while  beyond 
this  is  the  molecular  structure.  Elasticians  who  must  work 
out  the  formulae  for  the  deflections  of  beams,  etc.,  from  the 
laws  of  the  elasticity  of  metals,  assume  a  mathematical  form 
of  structure  of  the  mineral  aggregates  of  far  greater  homo¬ 
geneity  of  structure  than  exists,  and  their  formulae  do  not 
apply  beyond  the  elastic  limits  of  metal,  which  may  be  nearly 
the  ultimate  strength  of  the  metal,  or  not  more  than  five  or 
six  tenths  of  the  amount. 

In  the  first  place  we  have  metals  which  are  brittle  or  may 
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be  fragile,  while  in  nearly  all  work  we  need  a  structure  which 
gives  not  only  high  elastic  limits,  but  also  has  sufficient  duc¬ 
tility  to  take  up  an  excessive  strain  without  fracture.  Par¬ 
ticularly  is  this  required  in  guns,  armor  plate,  marine  shafting 
and  rails.  The  safety  of  rails  largely  depends  upon  the  prop¬ 
erties  stated. 

The  rapid  increase  in  work  to  which  metals  are  now  sub¬ 
jected  requires  a  higher  grade  of  steel,  a  better  and  finer 
structure  than  was  required  a  few  years  ago.  Think  of  steam 
boilers  now  carrying  180  to  200  pounds  pressure  per  square 
inch;  a  marine  shaft  which  must  stand  the  stress  of  30,000 
horse-power  for  six  or  seven  days,  and  which  it  is  expected 
it  will  do  for  many  years.  We  read  of  too  many  failures,  and 
not  until  higher  grades  of  steel  are  used  and  then  put  into  the 
best  possible  condition  of  structure  will  the  failures  be  less¬ 
ened.  Think  of  an  armor  plate  resisting  the  impact  of  a  pro- 
jectile  having  25,000  foot  tons  of  energy,  and  also  think  of  the 
structure  of  steel  in  the  point  of  a  projectile  which  can  deliver 
that  energy  to  an  armor  plate  and  scarcely  dull  the  lustre  of 
its  point.  Of  course,  many  break.  The  effort  of  every  nation 
now  is  to  obtain  a  structure  in  its  armor  plates  which  will 
break  up  the  projectiles  before  or  after  slight  penetration. 
Only  five  years  ago  the  theory  was  to  have  a  metal  which  was 
ductile  and  would  absorb  the  energy  of  the  projectile  by  mak¬ 
ing  the  metal  flow  around  the  shell  without  cracking  the  plate. 
To-day  a  face  of  hardened  steel  is  considered  better,  so  it  will 
be  more  apt  to  break  up  the  projectile. 

The  high  power  guns  of  to-day  are  built  up  from  thin  tubes 
and  hoops  which  can  be  treated,  putting  the  steel  into  the 
best  condition  of  structure  possible  for  the  work  it  must  do. 
The  hoops  are  heated  only  to  a  temperature  which  will  not 
disturb  their  structure  and  then  shrunk  on  to  the  central  tube. 
A  second  and  then  a  third  hoop  is  shrunken  on  to  form  the 
breech,  which  must  first  stand  the  stress  of  the  explosive. 

Another  class  of  high  power  ordinance  is  the  segmental  wire- 
wound  guns.  In  each  class  of  guns  the  structure  of  the  steel 
has  been  put  in  a  better  condition  for  the  work  than  it  is  pos¬ 
sible  to  secure  in  a  single  piece  of  steel  of  a  size  sufficient  for 
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a  gun  of  large  calibre.  Think  of  the  enormous  expenditure 
each  nation  is  making  to  protect  itself  from  the  possible  pro¬ 
jectiles  of  25,000  tons  of  energy  from  the  guns  of  some  other 
nation,  the  principal  reliance  being  in  a  steel  of  greater  re¬ 
sisting  structure  than  the  armor  of  the  attacking  party.  The 
activity  of  each  of  the  great  armor-making  plants  of  the 
world  in  trying  to  produce  a  higher  grade  than  has  been  pro¬ 
duced  can  hardly  be  realized  until  one  visits  them. 

As  large  as  the  25,000  tons  energy  in  a  modern  projectile  is, 
and  the  thick  and  high  grade  armor  it  would  take  to  resist  it, 
the  amount  of  energy  is  not  as  large  as  that  stored  up  in 
many  of  the  fast  and  heavy  trains  of  to-day,  which  must  be 
taken  up  and  harmlessly  absorbed  in  a  few  hundred  feet  by 
the  structure  in  a  very  thin  layer  of  the  top  of  our  steel  rails. 

The  structure  in  a  steel  rail  owing  to  the  changes  in  temper¬ 
ature  is  practically  always  in  motion,  beside  the  motion  of  the 
molecules  in  absorbing  the  stresses  in  the  rails  due  to  the 
motion  of  the  trains.  Take  the  line  from  New  York  to  Albany, 
143  miles,  and  suppose  we  could  anchor  the  rails  at  Grand 
Central  Station,  and  that  they  could  move  down  from  Albany 
under  a  fall  of  one  degree  Fahr. ,  the  molecules  would  all  be 
put  in  motion  and  crowded  together,  leaving  a  gap  in  the  rails 
at  Albany  of  five  feet  opening.  Of  course,  a  drawing  of  the 
rails  for  the  entire  distance  could  not  be  tolerated,  but  the  fall  in 
temperature  of  one  degree  puts  a  tension  of  200  pounds  in  the 
rails  which  are  held  at  each  end.  The  fall  in  temperature  in  the 
recent  cold  snap  of  100  degrees  in  a  few  days  put  many  of  the 
rails  under  a  tension  of  20,000  pounds,  for  it  requires  a  greater 
force  than  20,000  pounds  to  slide  the  rads  in  the  splice  bars. 
As  the  temperature  rises  the  tension  is  released,  and  in  sum¬ 
mer  the  rails  would  be  in  compression.  It  is  the  severe  ten¬ 
sion  on  the  rails  which  is  largely  the  culminating  cause  which 
breaks  so  many  rails  in  cold  weather,  rather  than  the  great 
decrease  in  ductility  in  the  metal.  There  is  no  other  form  of 
steel  subjected  to  so  many  stresses  as  that  of  steel  rails,  and 
it  is  a  matter  of  necessity  for  safety  and  economy  to  have 
good  structure  in  the  steel. 
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WALMSLEY’S  “AUTOGRAPH”  CAMERA,  AND 
WALMSLEY,  FULLER  &  COMPANY’S 
ACETYLENE  GAS  GENERATOR. 

BY  CHARLES  F.  COX. 

(. Abstract  of  an  Address  delivered  February  ; yth ,  i8g6. ) 

Walmsley’s  “  Autograph  ”  Camera  possesses  many  advantages 
with  regard  to  compactness,  steadiness  and  general  accuracy. 
It  differs  from  the  usual  form  of  upright  camera  in  respect  to 
being  applicable,  not  only  to  photographing  objects  through 
the  microscope,  but  also  to  the  copying  of  photographs  and 
pictorial  illustrations  either  enlarged  or  diminished  in  size, 
and  to  the  making  of  lantern  slides  by  the  camera  process. 
For  these  last  mentioned  purposes  there  is  provided  a  metallic 
support  inclined  at  an  angle  of  450  to  be  placed  upon  the  base¬ 
board,  and  to  which  the  photograph,  engraving  or  negative 
can  be  attached,  although,  for  the  purpose  of  copying  a  trans¬ 
parency  or  negative  it  may  be  found  convenient  to  make  use 
of  the  form  of  printing-frame  which  is  provided  with  a  wire 
support,  and  from  which  when  in  use  in  this  manner  the 
wooden  back  has  been  removed.  In  any  case,  when  printing 
from  a  negative  a  proper  illumination  is  to  be  had  by  laying  a 
sheet  of  white  paper  upon  the  baseboard  behind  the  support¬ 
ing  frame  and  adjusting  it  with  reference  to  the  source  of 
light  so  that  it  will  act  as  a  reflector.  When  thus  employed, 
the  camera,  which  is  supported  by  an  iron  arm  hinged  near 
its  base,  is  to  be  tipped  at  an  angle  of  450  from  the  perpendic¬ 
ular,  at  which  point  it  can  be  fixed  by  the  insertion  of  a  pin  in 
a  hole  through  the  two  sections  of  the  iron  support.  For 
ordinary  work  with  the  microscope  the  camera  will,  of  course, 
be  used  in  a  horizontal  position,  but  the  perpendicular  position 
is  also  available  in  case  it  is  desired  to  photograph  an  object 
in  liquid  or  to  adapt  the  camera  to  the  Continental  form  of 
microscope,  not  having  a  joint  in  the  body.  In  any  of  its 
positions  the  camera  has  been  found  to  be  steady  enough  for 
all  practical  purposes,  although  at  first  sight  the  plan  of  sup¬ 
porting  it  upon  a  single  arm  might  seem  to  be  mechanically 
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defective.  It  would  be  an  additional  convenience  if  the 
apparatus  were  provided  with  a  second  board  on  top  of  the 
baseboard  and  pivoted  to  it  at  the  end  nearest  to  the  camera, 
upon  which  the  microscope  and  illuminating  apparatus  should 
stand,  and  by  means  of  which  the  microscope  could  be  turned 
at  right  angles  to  the  axis  of  the  camera  for  purposes  of 
adjustment  and  focusing.  This  will  be  the  preferable  arrange¬ 
ment  when  the  microscope  to  be  used  is  rather  low  upon  its 
stand,  and  will  not  thus  be  raised  too  high  for  the  opening  in 
the  front  of  the  camera.  When  using  the  camera  with  a  rela¬ 
tively  high  stand,  it  may  be  well  to  fix  the  supporting  arm 
to  a  revolving  disc  of  wood,  so  that  instead  of  moving  the 
microscope  the  camera  itself  can  be  turned  to  one  side,  and  by 
way  of  counterpoise  to  attach  a  weight  of  iron  or  lead  to  the 
underside  of  the  baseboard  and  near  to  the  opposite  edge.  It 
is  probable  that  this  modification  can  be  made  without  in  any 
way  disturbing  the  general  steadiness  of  the  apparatus.  As 
the  “  Autograph  ”  Camera  is  capable  of  being  used  for  all  of 
the  purposes  for  which  Mr.  Walmsley’s  former  micrographic 
copying  and  enlarging  camera  was  designed,  it  will  be  found 
more  convenient  to  workers  who  cannot  afford  the  space 
which  the  larger  form  required  for  its  use  and  storage,  and  it 
will  be  welcomed  as  a  successful  solution  of  a  difficulty  which 
is  often  experienced  because  of  a  lack  of  laboratory  facilities 
and  the  necessity  for  doing  microscopical  work  in  a  general 
living  room.  The  camera  exhibited  is  adapted  to  a  4  x  5  plate, 
but  Mr.  Walmsley  has  also  designed,  and  is  probably  ready  to 
supply,  several  larger  sizes,  although  the  advantages  of  com¬ 
pactness  may  be  sacrificed  by  adapting  the  camera  to  a  plate 
larger  than  5x7.  Of  course,  any  form  of  illumination  is 
practicable  with  the  camera  exhibited,  but  one  of  the  very 
best  is  the  acetylene  gas  lamp,  about  to  be  described. 

Mr.  Cox  then  set  up  and  exhibited  in  operation  Walmsley, 
Fuller  &  Company’s  No.  2  Acetylene  Gas  Generator,  and 
wrote  upon  the  blackboard  the  chemical  formula  for  the  reac¬ 
tion  taking  place,  as  follows: 


CaC2 

+ 

2H20 

— 

Ca(HO)2 

CSH, 

Cal.  Carbide 

Water 

Cal.  Hydrate 

Acetylene 
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Calcium  carbide  is  produced  by  the  fusion  in  an  electric 
furnace  of  coal  or  coke  dust  and  lime  in  the  proportion  of 
about  1,150  pounds  of  the  former  to  about  1,750  pounds  of 
the  latter,  the  result  being  a  ton  (2,000  lbs.)  of  the  car¬ 
bide.  Each  pound  of  carbide  as  now  supplied  is  capable  of 
generating  about  5  cubic  feet  of  acetylene,  though  it  has  been 
claimed  that  with  an  absolutely  pure  carbide  as  much  as  6^3 
cubic  feet  have  been  obtained.  Walmsley’s  portable  apparatus 
is  a  modification  of  the  old-time  hydrogen-gas  generator,  con¬ 
sisting  in  this  case  of  an  outer. vessel  of  metal  holding  water, 
and  an  inner  vessel  open  at  the  bottom  and  sliding  into  the 
outer  one,  containing  a  wire  screen  or  basket  to  hold  the  car¬ 
bide,  and  having  at  its  top  a  stop-cock  through  which  the  gas 
passes  off  as  generated,  and  to  which  a  tube  is  attached  for 
the  purpose  of  conducting  the  gas  to  the  burner.  To  set  the 
machine  in  operation  it  is  necessary  merely  to  place  the  car¬ 
bide  upon  the  wire  screen  within  the  gasometer,  and  to  sink 
this  into  the  water,  whereupon  the  evolution  of  gas  begins  at 
once,  the  breaking  down  of  the  carbide  being  similar  in  its 
operation  to  the  slacking  of  quicklime.  The  stop-cock  being 
left  open,  the  contained  air  is  quickly  expelled,  and  as  soon  as 
the  gas  begins  to  flow,  which  may  be  known  by  its  peculiar 
garlic-like  odor,  the  rubber  tube  is  at  once  attached  to  the 
projecting  nipple.  In  the  chemical  reaction  which  takes 
place  a  considerable  degree  of  heat  is  set  free,  as  in  the  slack¬ 
ing  of  lime,  and  the  gas  comes  off  warm  and  loaded  with  a 
large  amount  of  moisture.  It  is  found  desirable  before  lead¬ 
ing  it  to  the  burner  to  both  cool  and  dry  it.  It  is  therefore 
passed  through  a  small  chamber,  consisting  of  one  metal 
cylinder  within  another,  the  space  between  the  two  being 
filled  with  cold  water,  the  gas  traversing  the  central  cavity,  in 
which  are  placed  several  wire  screens  or  fans,  through  which 
it  is  obliged  to  take  an  irregular  course,  so  that  when  it 
emerges  from  the  chamber  it  has  imparted  some  of  its  heat  to 
the  water  and  deposited  some  of  its  moisture  upon  the  wire 
screens.  It  is  then  conducted  by  another  tube  directly  to  the 
lamp. 

Acetylene  cannot  be  used  with  a  large  burner  without  pro- 
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ducing  smoke.  The  maximum  size  with  the  larger  forms 
of  this  apparatus  is  a  one-foot  burner,  while  with  the 
smaller  sizes,  in  which  the  pressure  is  relatively  light,  a 
half-foot  burner  is  found  the  most  effective  for  purposes  to 
which  the  fish-tail  flame  is  applicable,  as,  for  example,  in  pro¬ 
jection  with  the  lantern.  For  this  purpose  a  combination 
lamp,  consisting  of  two,  three,  four  or  more  half-foot 
burners,  is  provided  by  the  makers  of  the  apparatus,  but,  of 
course,  they  can  be  used  for  a  considerable  length  of  time 
only  in  conjunction  with  the  larger  sizes  of  generators,  of 
which  Walmsley,  Fuller  &  Co.  make  several  patterns,  gradu¬ 
ated  to  a  charge  of  %  lb.,  i  lb.,  2  lbs.  and  5  lbs.,  respec¬ 
tively,  No.  2  being  the  1  lb.  size.  They  claim  for  each  half¬ 
foot  burner,  under  a  maximum  pressure,  a  power  of  from  100 
to  125  standard  candles,  but  this  estimate  is  probably  much 
too  high.  As  each  burner  consumes  one-half  cubic  foot  of 
gas  per  hour,  four  such  burners  should  take  two  hours  and  a 
half  to  consume  the  amount  of  gas  generated  by  one  pound 
of  calcium  carbide,  but  it  has  been  found  practically  impossi¬ 
ble  to  run  a  lantern  with  four  such  burners  for  two  hours  with 
the  amount  of  gas  stated,  probably  because  of  the  poor  qual¬ 
ity  of  the  carbide  at  present  obtainable,  and  also,  perhaps, 
because  of  the  under-rating  of  the  so-called  half-foot  burners. 
In  fact,  one  of  the  chief  difficulties  with  the  use  of  acetylene 
is  the  impossibility  at  present  of  finding  a  burner  exactly 
suited  to  its  peculiar  requirements.  Experiments  made  in 
Boston  seem  to  establish  the  fact  that  a  consumption  of 
acetylene  at  the  rate  of  five  cubic  feet  per  hour  will  give 
200  candle-power,  as  against  25  candle-power  from  five  feet  of 
ordinary  illuminating  gas;  in  other  words,  taking  them  bulk 
for  bulk,  acetylene  is  capable  of  producing  eight  times  the 
light  of  carbureted  hydrogen.  On  this  basis  a  thousand 
cubic  feet  of  acetylene,  at  a  cost  of  $10,  will  give  as  much 
light  as  eight  thousand  cubic  feet  of  carbureted  hydrogen,  at 
a  cost  of,  say,  $1.25  per  thousand;  so  that  at  the  rate  of  $100 
per  ton  for  calcium  carbide  the  cost  per  candle-power  would 
be  the  same  for  the  two  illuminants.  It  is  generally  con¬ 
ceded  that,  even  in  small  quantities  and  under  unfavorable 
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conditions,  the  carbide  can  at  present  be  produced  profitably 
at  $100  per  ton,  and,  perhaps,  considerably  less.  But  the  car¬ 
bide  here  employed  has  been  purchased  at  retail  at  a  cost  of 
50  cents  per  pound,  or  at  the  rate  of  $1,000  per  ton.  Its 
price,  however,  is  mainly  dependent  upon  the  cost  of  the 
electrical  current  used  in  the  reduction  of, the  coal  and  lime, 
and  trustworthy  calculations  have  been  made  which  indicate 
that  with  electrical  power  favorably  located,  as,  for  example, 
at  Niagara  Falls,  the  carbide  can  be  manufactured  at  a  cost 
close  to  $20  per  ton.  Taking  into  consideration  the  immense 
quantities  of  refuse  coal-dust  piled  up  in  the  neighborhood  of 
every  coal  mine,  it  is  easy  to  believe  that  if  limestone  and 
efficient  water-power  could  be  found  in  the  same  locality  with 
the  coal,  this  ideal  combination  of  circumstances  might 
result  in  reducing  the  cost  of  carbide  to  possibly  $10  per  ton 
or  less,  and  those  most  hopeful  with  regard  to  the  future  of 
acetylene  have  predicted  some  such  ultimate  outcome. 

Our  interest  in  acetylene,  however,  is  not  centred  upon  its 
commercial  importance,  but  on  its  practical  utility  as  an 
illuminant,  and  in  this  regard  it  has  several  decided  advan¬ 
tages  over  water-gas  or  coal-gas.  In  the  first  place,  the  light 
is  so  pure  and  white  that  it  is  agreeable  to  the  eye,  and  favor¬ 
able  to  the  exhibition  of  colored  objects,  while,  because  of  its 
perfect  combustion,  the  flame  is  devoid  of  the  purple  centre 
usually  seen  in  gas  flames.  Secondly,  it  is  highly  actinic,  and 
therefore  very  effective  in  photography,  reducing  the  time  of 
exposure  considerably,  in  comparison  with  coal-gas  or  oil. 
Compared  as  to  candle-power,  the  acetylene  flame  has  two 
and  one-half  times  the  actinic  power  of  the  common  illuminat¬ 
ing  gas.  Thirdly,  the  temperature  of  the  acetylene  flame  is 
much  lower  than  that  of  carbureted  hydrogen,  and  it  imparts 
much  less  heat  to  the  atmosphere  in  which  it  is  burned.  The 
heat  given  out  by  acetylene  is  said  to  be  only  one-third  of  that 
given  out  by  water  or  coal-gas,  although  it  is  more  than  that 
produced  by  the  incandescent  electric  light.  The  maximum 
temperature  in  the  acetylene  flame  is  less  than  iooo°  Cent., 
while  in  the  flame  of  coal-gas  it  is  said  to  be  nearly  1400° 
Cent.  Fourthly,  the  amount  of  carbon  dioxide  resulting  from 
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tile  consumption  of  acetylene  is  reported  to  be  only  one-sixth 
as  much  as  that  produced  by  coal-gas,  on  the  basis  of  candle 
power  to  candle  power  ;  so  that,  with  equal  illumination  we  can 
burn  acetylene  for  six  hours  with  only  the  same  vitiation  of  the 
atmosphere  as  we  get  from  one  hour’s  use  of  the  other  gas. 

For  employment  with  the  microscope,  Walmsley,  Fuller  & 
Co.  furnish  a  very  efficient  little  lamp,  consisting  of  a  pin-hole 
burner  surrounded  by  a  metal  tube  an  inch  in  diameter  and 
three  inches  high,  lined  with  plaster  of  paris,  and  having  an 
ordinary  3x1  glass  slip  run  into  a  slot  on  one  side,  the  whole 
being  supported  upon  an  adjustable  stand,  so  as  to  vary  the 
height  of  the  lamp  and  also  its  position  with  reference  to  the 
perpendicular.  The  flame  is  narrow  and  long,  but  at  the  full 
pressure  is  bright  enough  for  every  possible  purpose.  It  con¬ 
sumes  an  exceedingly  small  amount  of  gas,  and  may  be  run 
for  several  evenings  with  the  No.  2  Generator  now  shown, 
and  would  probably  work  very  well  with  a  still  smaller  gas¬ 
ometer.  It  is  certainly  superior  in  its  effects  to  any  other  gas 
or  oil  light,  and  even  in  some  respects  to  the  usual  incan¬ 
descent  electric  light,  by  the  side  of  which  trial  has  been  made 
of  it  with  the  microscope.  It  seems  to  be  the  best  illuminant 
available  at  present  for  photomicrography,  and  a  strong 
recommendation  may  be  accorded  to  the  compound  lamp  in¬ 
tended  for  the  lantern,  which  is  likely  to  take  the  place  of  both 
electricity  and  the  oxy-hydrogen  light  for  use  in  a  small  room. 

The  present  form  of  generator  is  somewhat  inconvenient  on 
account  of  the  necessity  for  cleaning  it  out  and  re-charging 
it  at  frequent  intervals,  but  it  is  hoped  that  before  long  some 
method  will  be  devised  for  running  the  apparatus  con¬ 
tinuously  if  needed.  With  the  No.  3  and  larger  forms  it  is 
already  possible  to  manufacture  enough  gas  from  one  charge 
to  run  a  small  lamp  for  a  long  time,  and  to  shut  off  the  flow 
and  preserve  the  supply  for  several  successive  days,  since  the 
pressure  of  gas  in  the  receiver  will  automatically  raise  the 
carbide  out  of  the  water  and  keep  matters  in  statu  quo  with 
practically  no  danger  of  leakage.  Like  most  other  new  appli¬ 
cations  of  scientific  principles,  the  employment  of  acetylene 
has  been  invested  with  a  great  deal  of  unnecessary  mystery, 
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and  particular  emphasis  has  been  in  certain  quarters  laid  upon 
the  dangers  attending  its  use.  But  nearly  all  the  warnings 
put  forth  in  the  newspapers  are  applicable  only  to  the  employ¬ 
ment  of  acetylene  condensed  to  the  liquid  form  in  steel  cylin¬ 
ders  under  enormous  pressures.  Used  in  any  ordinary  way, 
it  is  doubtful  if  the  new  gas  is  any  more  dangerous  than  the 
common  illuminating  gas.  Certainly  whatever  risks  there  are 
about  it  are  reduced  to  an  absolute  minimum  in  the  simple 
apparatus  here  exhibited.* 


THE  PYGIDIUM  OF  THE  COMMON  FLEA. 

BY  DR.  ALFRED  C.  STOKES. 

This  organ  has  been  studied  so  frequently,  and  by  so  many 
microscopists ;  it  has  been  used  for  so  many  years  as  a  test  of 
certain  qualities  in  objectives,  that  further  notes  on  the  sub¬ 
ject  might  be  deemed  superfluous;  it  might  well  be  thought 
that  the  last  word  must  have  been  spoken  about  a  matter  so 
common,  not  to  say  so  hackneyed.  It  is  because  the  pygidium 
has  been  so  frequently  examined  that  I  cannot  divest  myself 
of  the  belief  that  the  structural  features  which  I  have  recently 
observed  must  have  been  repeatedly  seen  by  microscopists, 
although  these  morphological  points  seem  to  be  actually  unde¬ 
scribed.  I  can  find  no  reference  to  them  in  the  literature  of 
the  subject  which  I  have  been  able  to  examine,  yet  they  are  so 
prominent  and  so  conspicuous  that  it  is  difficult  to  imagine 
how  they  could  have  been  so  long  overlooked,  if  they  have 
been,  especially  after  such  accomplished  microscopical  observ¬ 
ers  as  Van  Heurck,  Dallinger,  Nelson,  Carpenter,  have  used 
the  pygidium  as  a  test.  But  some  of  these  investigators, 
notably  Dallinger  and  Nelson,  have  lately  described  previously 
unobserved  features,  or  features  which  have  previously  been 
misinterpreted. 

Mr.  E.  M.  Nelson  was  the  first  to  describe  correctly  the 
form  of  the  so-called  spines  or  hairs  which  clothe  the  inter- 
areolar  surface,  calling  them  lambent,  meaning  that  they  are 
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flame-shaped,  thus  using  the  word  out  of  its  proper  significa¬ 
tion,  for  “lambent”  means,  not  flame-shaped,  as  the  eminent 
British  microscopist  intends  to  suggest,  but  something  quite 
different.  Other  observers  had  noted  these  spines,  and  indeed 
had  figured  them  as  stout,  tapering  bodies  arising  from  a  cir- 
cumvallate  depression,  to  the  base  of  which  each  was  said  to 
be  attached  by  a  socket-joint.  The  fact  is  that  no  such 
socket-joint,  nor  any  structure  resembling  it,  is  present  on 
the  inter-areolar  surface  of  the  pyg^lium.  “As  an  example 
of  erroneous  interpretation,”  says  Dellinger  in  his  edition  of 
“Carpenter,”  “the  representation  of  the  pygidium  of  a  flea 
by  some  leading  sources  of  information  of  a  few  years  ago 
may  be  instanced.  It  was  a  special  test  of  many  authors,  and 
has  been  carefully  figured;  this  shows  that  it  was  not  an  acci¬ 
dental  error,  which  it  might  have  been  if  it  were  merely  an 
ordinary  object;  it  is  an  error  depending  in  all  probability  on 
a  faulty  system  of  illumination.  Moreover,  the  error  cannot 
be  attributed  to  the  object-glasses  of  the  time,  as  it  is  a  low- 
power  object,  and  the  low  powers  of  that  day  were  quite  as 
good  as  those  lately  in  use.  In  the  descriptions  and  in  the 
drawings,  often  beautifully  executed,  the  hairs  proceeding 
from  the  center  of  the  wheel-like  discs  are  represented  as 
being  ‘stiff  and  longish  bristles,’  thick  at  one  end  and  taper¬ 
ing  off  to  a  point.  And  the  small  hairs  round  (sic)  are 
described  as  ‘minute  spines’;  in  the  drawing  they  are  like  the 
spinous  hairs  of  an  insect  and  have  the  usual  socket-joint  at 
the  base.  In  reality  the  ‘  stiff  and  longish  bristle  ’  is  an 
extremely  long  and  delicate  filament,  totally  unlike  a  bristle, 
being  not  tapered  but  of  nearly  uniform  thickness.  The 
‘  minute  spines  ’  are  in  reality  very  curious  hairs,  and,  as  far 
as  we  at  present  know,  unlike  any  others.  They  are  delicate, 
lambent,  bulbous  hairs.” 

These  “stiff  and  longish  bristles”  which  issue  from  the 
areolae  appear  to  be  fragile,  and  are  as  a  consequence  readily 
broken,  when  they  are  observable  on  the  preparation  as  stout, 
truncated  filaments,  usually  with  no  trace  of  decreasing  diam¬ 
eter.  But  when  they  are  unbroken  they  certainly  do  taper, 
and  do  so  conspicuously,  at  least  with  the  specimens  which  I 
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have  seen.  If  a  true  bristle  must  taper,  then  are  these  true 
bristles. 

The  flame-shaped  hairs  are  narrowed  with  a  regular  grada¬ 
tion  from  the  somewhat  bulbous  base  to  the  usually  curved 
and  acuminate  tip.  But  if  the  classical  socket-joint  of  these 
inter-areolar  hairs  can  be  proved  to  be  an  error  of  observa¬ 
tion,  as  can  be  easily  done,  then  it  is  not  unlikely  that  there 
are  other  structural  points  about  the  organ  which  may  have 
been  overlooked  or  misinterpreted.  In  fact  there  seem  to  be 
several. 

Of  some  of  those  to  be  mentioned  here  there  is  absolutely 
no  doubt;  of  a  single  one  there  must  be  doubtful  acceptance 
until  the  microtome  can  be  brought  to  bear  on  the  pygidium, 
when  the  problem  may  be  readily  solved.  I  have  not  even 
the  skill  of  a  novice  in  the  use  of  the  microtome,  and  those  of 
my  friends  and  correspondents  who  have  attempted  to  section 
the  pygidium  have  failed,  either  on  account  of  the  horny 
character  of  the  subject,  or  because  of  the  lack  of  sufficient 
material.  When  sectioned  it  will  not  be  what  Dr.  Dallinger 
calls  a  low-power  object;  even  in  its  totality  it  is  far  from 
being  that. 

The  areolae,  or  those  superficially  wheel-like  bodies  which, 
in  number  from  thirty-two  to  thirty-eight  (Van  Heurck)  con¬ 
stitute  the  double,  somewhat  reniform  organ  called  the  pygi¬ 
dium,  are  not  the  simple  bodies  which  they  are  usually  sup¬ 
posed  to  be.  The  ordinary  statement  of  the  books  is,  as  Dr. 
Van  Heurck  puts  it  in  the  fourth  edition  of  his  work  on  “  The 
Microscope,”  that,  ‘‘The  pygidium  of  the  flea  is  composed  of 
two  lobes  and  exhibits  from  thirty-two  to  thirty-eight  long, 
stiff  hairs  emplanted  in  the  center  of  each  of  the  areolae,  each 
one  being  surrounded  by  a  row  of  little  cuneiform  elevations. 
The  inter-areolar  spaces  are  covered  with  small  spines.  A 
good  objective  should  show  these  areolae  clearly  defined  in  all 
their  parts,  and  the  elevations  should  appear  cuneiform,  and 
not  round  as  they  are  figured  by  Dujardin.”  This  is  not  all 
of  the  structure  as  I  see  it  with  the  best  objectives  of  Reichert, 
Zeiss  and  of  Spencer. 

Each  areola  is  in  reality  a  follicular  depression,  varying  in 
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dimensions  to  a  degree  .perceptible  even  without  the  use  of 
the  micrometer,  but  averaging,  perhaps,  about  1/3000  inch  in 
depth;  and  each  contains  not  only  the  long  central,  bristle¬ 
like  filament  and  the  cuneiform  projections,  which  are  said  to 
form  a  single  row,  but  a  somewhat  complex,  strongly  chiti- 
nous  system  of  rods  and  wedges  and  membranes,  the  whole 
apparatus  being  covered  by  an  elevated,  membranous  dome 
about  as  high  above  the  general  surface  as  the  follicle  is  deep 
below  it,  and  with  a  central  eye  through  which  the  long  bristle 
projects,  the  dome  itself  bearing  some  minute  external  append¬ 
ages.  The  areolae  are  by  no  means  the  simple,  uncomplicated 
objects  they  are  commonly  described  and  figured  to  be.  They 
have  been  looked  upon  by  microscopists  as  low-power  objects, 
as  Dr.  Dallinger  describes  them,  but  they  will  prove  them¬ 
selves  worthy  of  study  with  the  highest-power  objectives  at 
our  disposal  The  structure  of  these  wonderful  bodies  as  I 
see  it,  is  shown  by  the  diagram  accompanying  this  note. 


The  walls  of  each  follicle  are  vertically  fluted  at  regular  in¬ 
tervals,  and  the  upper  margin  is,  as  a  result,  broadly  crenated. 
The  cuneiform  projections  (they  are  not  elevations  as  com¬ 
monly  described),  converge  toward  the  center  from  a  compar- 
tively  wide  band  of  encircling  chitin,  and  each  is  outwardly 
continued  toward  the  bottom  of  the  follicle  by  a  curved,  rod- 
like  body  which  at  the  base  becomes  continuous  with  a  second 
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set  of  wedge-shaped  projections,  often  less  strongly  chitinous 
than  the  upper  row  and  always  rather  shorter.  There  is  not 
a  single  row  of  these  cuneiform  projections  which  have  so 
long  been  used  as  a  test  for  definition,  and  which  Dr.  Van 
Heurck  says  Dujardin  figures  as  being  round.  There  are  two 
rows  entirely  distinct  from  each  other,  but  connected  exte¬ 
riorly  by  the  vertical  rods  referred  to,  and  shown  in  the 
diagram.  At  the  outer  surface  of  these  vertical  rods,  that  is, 
between  them  and  the  internal  wall  of  the  follicle,  is  a  deli¬ 
cate  membrane  which  constitutes  the  outer  boundary  of  the 
complicated  apparatus,  and  is  continuous  with  the  membrane 
which  forms  both  the  upper  and  the  lower  surfaces,  and  fills 
the  spaces  between  the  wedge. shaped  projections.  This  pro¬ 
duces  a  circular  chamber  strengthened  outwardly  by  the  ver¬ 
tical  rods,  and  above  and  below  by  the  cuneiform  projections. 
If  there  were  nothing  more  to  the  intra-follicular  apparatus 
this  chamber  would  be  a  simple,  circular  passage  open  at  the 
center  through  which  the  long  bristle  passes.  But  the  circu¬ 
lar  region  is  not  open  toward  the  center;  it  is  there  closed  by 
a  slightly  inclined  membrane,  which  extends  from  the  tips  of 
the  upper  wedges  obliquely  outward  to  the  tips  of  the  shorter 
lower  projections.  This  membrane  closes  the  circular  cham¬ 
ber,  and  produces  a  more  or  less  conical  space  at  the  center 
of  the  follicle,  through  which  the  long  filament  issues.  But 
whether  or  not  it  completes  the  structure  of  this  part  is 
doubtful.  I  think  it  does  not.  But  to  become  positively 
assured  as  to  that,  a  study  of  sections  is  necessary,  and  here 
the  expert  microtompist  will  find  a  subject  worthy  of  his  steel. 
And  here,  too.  he  will  meet  with  an  object  that  will  tax  his 
skill  in  the  illumination  of  the  microscope,  and  his  ability  to 
manipulate  the  best  high-power  objectives.  For  this  is  not  a 
low-power  object. 

But  while  I  am  unable  to  prove  to  others  that  my  opinion 
is  correct,  still  that  opinion  is  that  this  circular  chamber  is 
divided,  by  vertical  membranes,  into  as  many  cells  or  com¬ 
partments  as  there  are  wedge-shaped  projections  in  each  row, 
a  membrane  extending  from  a  cuneiform  body  above  to  the 
one  directly  below.  I  am  making  no  positive  statement  about 
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this  minute  structure,  and  it  is  minute  enough  to  be  a  delight¬ 
ful  task  for  the  lover  of  the  delectable  instrument;  I  am  ex¬ 
pressing  only  an  unproved  opinion,  leaving  to  the  microtomist 
the  pleasure  of  deciding  the  question,  and,  I  am  free  to  con¬ 
fess,  envying  him  the  skill  needed  in  the  delightful  work. 
However,  if  these  vertical  membranes  exist,  and  judging  from 
certain  optical  appearances,  I  think  they  do  exist,  then  is  the 
pygidium  of  the  despised  parasite  one  of  the  most  remarkable 
structures  with  which  the  microscopist  can  become  acquainted. 

But  perhaps  the  most  pleasing  structure,  which  is  also  one 
of  those  surprising  things  in  Nature,  is  the  delicate  dome 
which  arches  above  each  follicle  with  its  enclosed  apparatus, 
and  through  whose  central  eye  the  long  tapering  filament  pro¬ 
jects.  If  this  domoid  membrane  has  not  previously  been 
observed,  I  am  at  a  loss  to  account  for  the  oversight.  It  is 
almost  conspicuous;  it  demands  only  a  slightly  upward  focus 
to  define  its  rotundity  and  its  circular  eye;  if  the  long  bristle 
is  followed  from  tip  to  base,  the  dome  can  scarcely  fail  to 
make  itself  seen. 

This  overarching  membrane  is  set  down  above  the  follicle, 
and  is  a  little  greater  than  it  in  diameter,  the  greatest  width 
of  the  dome  being  about  1/1,800  inch  with  about  1/2,000  inch  to 
that  of  the  depression  which  it  covers.  In  the  diagram  it  is 
shown  as  it  appears  in  surface  view,  with  a  regularly  spherical 
outline,  the  summit  somewhat  flattened  and  the  region  about 
the  central  eye  conspicuously  depressed.  In  some  specimens, 
probably  in  all,  when  seen  in  profile  the  dome  is  widened 
above,  and  the  convex  walls  slope  inward  to  the  base.  But 
as  to  the  existence  of  the  demoid  membrane,  there  is  not  the 
slightest  doubt.  It  is  present  above  every  pygidial  areola, 
adding  much  to  the  interest  of  the  organ,  somewhat  to  its 
complexity,  and  happily  adding  emphasis  to  the-  general  belief 
that  the  pygidium  is  an  auditory  organ.  The  function  of  this 
membranous  dome  can  be  readily  inferred. 

It  possesses,  however,  some  minute  appendages  whose 
function  is  not  so  easily  conjectured.  Around  the  eye  of  the 
dome,  as  shown  in  the  diagram,  is  a  single  row  of  from  eight 
to  ten  projections  which,  for  want  of  a  better  name,  may  be 
called  setae.  These  are  positively  not  the  tips  of  the  flame- 
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shaped  hairs,  and  they  are  as  positively  not  minute  folds  in 
the  membrane  of  the  dome,  but  strictly  independent  organs, 
minute  enough  to  satisfy  the  most  exacting  microscopist  who 
likes  to  work  with  high  powers.  In  estimated  length  they  vary 
from  1/15,000  to  1/20,000  inch.  I  have  no  micrometer  ruled 
fine  enough  to  measure  such  setae,  but  the  estimate  seems  to 
be  at  least  within  the  actuality. 

These  small  objects  arise  from  the  surface  of  the  dome  in  a 
regular  row,  and  take  varying  positions,  being  sometimes  per¬ 
pendicular  at  the  edge  of  the  eye,  at  times  leaning  over 
the  margin;  in  other  instances  they  appear  further  down  the 
slope,  standing  upright  or  variously  inclined  or  curved.  They 
convey  the  idea  of  solidity  and  of  firmness,  having  nothing  of 
the  aspect  of  a  bristle,  for  they  seem  not  to  taper,  but  to  be 
minute  cylinders,  each  apparently  arising  abruptly  from  its 

base,  and  having  a  truncated  summit.  These  appearances,  how- 
£ 

ever,  may  be  illusory,  as  the  setae  are  so  exceediagly  minute 
that  it  is  difficult  to  decide  positively.  But  as  a  test  for 
definition,  the  reader  will  find  the  little  appendages  entirely 
satisfactory.  He  may  perhaps  think  that  the  resolving  power 
of  the  objective  should  likewise  not  be  slight,  and  I  should  be 
disposed  to  agree  with  him. 

All  this  structure,  which  the  reader  must  admit  to  be 
sufficiently  complex,  is  visible  within  and  above  the  pygidial 
areolae  of  all  the  common  species  of  Pulex  which  I  have 
examined,  but  it  seems  to  be  rather  larger  and  more  con¬ 
spicuous  within  those  of  Pulex  irritans ,  especially  with  those 
specimens  which  are  to  be  had  in  California,  where,  in 
addition  to  big  trees  and  some  other  large  things,  our  micro¬ 
scopical  friends  are  so  fortunate  as  to  have  big  fleas. 

We  have  received  the  Transactions  of  the  Eighteenth  An¬ 
nual  Meeting  (1895)  of  the  American  Microscopical  Society, 
held  at  Cornell  University,  Ithaca,  N.  Y.  in  August  last. 
These  Transactions  form  a  fine  volume  of  381  pages,  filled 
with  valuable  and  interesting  matter,  and  beautifully  illus¬ 
trated.  The  next  Annual  Meeting  of  the  Socieiy  will  be  held 
in  the  new  Carnegie  Library  Building,  Pittsburg,  Pa.,  on 
August  18,  19,  20  and  21,  1896. 
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PROCEEDINGS. 

Meeting  of  December  6th,  1895.  . 

The  President,  Dr.  Edw.  G.  Love,  in  the  chair. 

Sixteen  persons  present. 

The  following  persons  were  appointed  Committee  on 
Annual  Exhibition:  George  W.  Kosmak,  George  H.  Blake, 
William  B.  Tuthill. 

The  following  persons  were  appointed  Committee  on  Nomi¬ 
nation  of  Officers:  Walter  H.  Mead,  William  G.  De  Witt,  F. 
W.  Devoe. 

OBJECTS  EXHIBITED. 

1.  Distoma  hepaticum ,  Liver  Fluke,  entire  specimen:  by  E. 
G.  Love. 

* 

2.  Trans,  sect,  of  do.  :  by  E.  G.  Love. 

3.  Photomicrographs  of  do.  :  by  E.  G.  Love. 

4.  Section  of  Barbadoes  Earth  containing  diatoms:  by 
James  Walker. 

5.  Section  of  Richmond  Earth,  containing  diatoms:  by 
James  Walker. 

6.  Cow  hair  from  centre  of  “  Bezoar  stone”:  by  J.  L. 
Zabriskie. 

7.  “Bezoar  Stone,”  sawed  through  to  show  centre :  by  J. 
L.  Zabriskie. 

8.  Specimens  of  apparatus:  by  Carl  Reichert,  of  Vienna. 

Six  Reichert  microscopes  with  various  accessories.  Numer¬ 
ous  objectives.  Photographic  camera.  Polariscope  for  sugar 
testing.  Sledge  microtome.  Rocking  microtome.  Hand  micro¬ 
tome.  Two  spectroscopic  eye-pieces.  Two  camera  lucidas  (one 
with  diaphragm).  Stage  micrometer.  Micrometer  ocular. 
Lancet  for  haemometer.  Dissecting  microscope.  A  case  of 
microtome  knives.  Blood  ovens:  by  Mr.  Richards,  of 
Richards  &  Company,  New  York  City. 

Dr.  Love  stated,  concerning  his  exhibit:  The  first  stage  of 
a  Distoma  is  a  ciliated  embryo  swimming  in  water,  and  finding 
snakes  and  snails  as  the  first  hosts.  Second  stage,  a  sporocyst 
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containing  minute  creatures  forming  in  the  above  hosts. 
Third  stage,  the  minute  creatures  emerge  free-swimming, 
and  enter  a  second  host  (mollusk,  fish,  etc.),  where  they  be¬ 
come  encysted,  pass  out  in  encysted  condition  and  enter  a 
third  host,  and  they  then  become  the  perfect  Distoma ,  having 
the  head  in  the  form  of  a  sucker  and  the  intestine  terminating 
blindly. 

Mr.  Walker  explained  his  method  of  obtaining  sections  of 
diatomaceous  earths:  The  specimens  were  soaked  in  balsam 
until  hard,  and  then  ground  down  and  finished  on  Scotch 
stone  like  rock  sections,  and  finally  mounted  in  balsam. 

Mr.  Zabriskie  remarked  on  his  exhibit  of  “  Bezoar  stone 
The  specimen  was  two  and  one-quarter  inches  in  diameter;  a 
spherical  concretion  of  hair  covered  with  a  black,  pitted,  hard 
calcareous  coating,  and  was  taken  from  a  cow  many  years 
ago,  he  having  had  it  in  his  possession  for  35  years.  These 
“stones”  are  said  to  be  found  in  the  intestines  of  various 
ruminant  animals  who  have  the  habit  of  licking  themselves. 
The  hairs  from  the  hide  are  swallowed,  and  sometimes  become 
matted  together  as  a  sphere,  and  are  coated  with  some  cal¬ 
careous  matter.  Good  specimens  have  been  sold  for  $5  to 
$10,  to  be  carried  in  the  pocket  as  “lucky  stones.”  The 
name  “Bezoar”  is  Persian,  and  signifies  an  expeller  of 
poison.  In  ancient  times  these  formations  were  said  to  be 
obtained  from  the  Persian  goat,  and  were  highly  valued  as  an 
antidote  for  poisons  and  for  other  medicinal  purposes.  They 
sometimes  sold  in  the  market  for  ten  times  their  weight  in 
gold. 

In  reply  to  a  question  by  Mr.  Walter  H.  Mead  as  to  the 
experience  of  the  members  in  the  use  of  the  apochromatic 
objectives,  Mr.  Richards  said  that  the  advantages  of  the 
apochromatic  objectives  in  photography  are  very  great,  but 
the  makers  do  not  claim  much  as  to  their  durability.  Dr. 
Stern  imported  one  two  years  ago  last  July,  and  in  two 
months  found  it  deteriorating;  in  eight  months’  time  it  was 
useless.  Zeiss  replaced  this  first  objective,  and  the  second 
soon  became  so  poor  that  it  was  returned.  Makers  have  tried 
to  find  some  substitute  for  the  fluorite  employed  in  these 
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objectives,  and  Zeiss,  in  his  new  catalogue,  claims  to  have 
improved  his  fluorite  glass. 

Mr.  George  S.  Woolman  said  that  Charles  A.  Spencer  25 
years  ago  had  a  formula  for  making  fluorite  glass,  but  he 
rejected  it  on  account  of  this  certainty  of  deterioration. 


Meeting  of  December  2oth,  1895. 

The  President,  Dr.  Edw.  G.  Love,  in  the  chair. 

Forty  persons  present. 

Mr.  Walter  H.  Mead  reported  on  behalf  of  the  Committee 
on  Nomination  of  Officers,  renominating  all  the  officers  of  the 
present  year. 

Dr.  Bashford  Dean  addressed  the  Society  on  “  European 
Aquaria.”  This  address  was  illustrated  by  numerous  lantern 
projections  of  instaneous  photographs,  obtained  by  himself,  of 
various  European  aquaria  and  their  contents.  Dr.  Dean 
recounted  his  visits  to  the  leading  aquaria  of  England  and  the 
Continent;  the  prominent  experiments  in  the  methods  of  re¬ 
taining  marine  creatures  in  captivity;  the  transition  from  the 
early  attempts  at  simulating  the  depths  of  the  sea  in  the 
interior  and  accessories  of  the  aquaria,  to  the  abandonment 
of  this  endeavor  in  1870,  resulting  in  the  present  perfect 
plainness  of  the  buildings,  coupled  with  the  near  approach  to 
the  conditions  of  nature  in  the  tanks;  the  biological  work 
carried  on  in  connection  with  these  establishments;  the  valu¬ 
able  discovery  of  the  superiority  of  sea  water  which  has  been 
stored  and  allowed  to  “rest”  for  a  long  time;  and  the  ad¬ 
mirable  work  accomplished  at  the  aquarium  at  Naples — the 
greatest  aquarium  in  the  world. 


Meeting  of  January  3D,  1896. 

The  President,  Dr.  Edw.  G.  Love,  in  the  chair. 
Twenty-three  persons  present. 

Joseph  A.  Hays,  Ph.D.,  and  Mr.  Alfred  Douglass  were 
elected  resident  members  of  the  society. 
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This  being  the  stated  time  of  the  annual  election  of  officers 


of  the  society,  Messrs.  W.  J.  Lloyd  and  George  H.  Blake 
were  appointed  tellers  of  the  election. 

Annual  reports  were  presented  by  the  Treasurer,  Curator, 
Board  of  Managers  and  Committee  on  Publications. 


OBJECTS  EXHIBITED. 


Larva  of  Tomato  Sphinx,  small  aquatic  beetle,  and  young 
Limulus ,  all  bleached  in  peroxide  of  sodium:  by  F.  W. 
Leggett. 

On  the  closing  of  the  polls  the  following  persons  were  de¬ 
clared  elected  officers  of  the  society  for  the  year  1896: 

President,  Edw.  G.  Love. 

Vice-President,  Frank  D.  Skeel. 

Treasurer,  James  Walker. 

Recording  Secretary,  George  E.  Ashby. 

Corresponding  Secretary,  J.  L.  Zabriskie. 

Librarian,  Ludwig  Riederer. 

Curator,  George  E.  Ashby. 


In  reply  to  a  question  by  Mr.  Walter  H.  Mead  as  to  the 
nature  and  use  of  Klein’s  quartz  plate,  Dr.  F.  D.  Skeel  said 
that  it  is  a  plate  of  quartz  5  mm.  thick,  cut  parallel  to  the 
axis,  and  used  in  analyzing  sugars,  giving  the  complementary 
colors.  Mr.  James  Walker  said  that  it  was  used  also  in  the 
examination  of  thin  rock  sections. 


Meeting  of  January  17TH,  1896. 


The  President,  Dr.  Edw.  G.  Love,  in  the  chair. 

Forty-six  persons  present. 

The  President  addressed  the  Society  on  “  The  Microscopical 
Identification  of  Starches  in  Food  Adulteration.”  This  ad¬ 
dress  was  illustrated  by  blackboard  drawings,  and  by  numer¬ 
ous  mounted  slides  and  photomicrographs  of  starches,  and  is 
published  in  abstract  in  this  volume  of  the  Journal,  p.  5. 
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OBJECTS  EXHIBITED. 

1.  Many  slides  of  various  starches:  by  Edw.  G.  Love. 

2.  Many  photomicrographs  of  the  same:  by  Edw.  G.  Love. 

3.  Larva  of  Hawk  Moth  and  leaf  of  Pink,  bleached  in  per¬ 
oxide  of  sodium:  by  F.  W.  Leggett. 


Meeting  of  February  7TH,  1896. 

The  President,  Dr.  Edw.  G.  Love,  in  the  chair. 

Fifty-four  persons  present. 

Messrs.  George  W.  Blakeslee  and  August  Wolf  were  elected 
resident  members  of  the  Society. 

Mr.  Charles  F.  Cox  addressed  the  Society,  exhibiting  and 
explaining  the  operation  of  Walmsley’s  u  Autograph  ”  Camera, 
and  a  simple  apparatus  for  the  manufacture  and  use  of  Acety¬ 
lene  Gas. 

The  subject  was  discussed  by  Dr.  Love  and  Dr.  Skeel,  and 
an  abstract  of  the  address  is  published  in  this  number  of  the 
Journal,  p.  35. 

OBJECTS  EXHIBITED. 

1.  Long.  sect,  of  Kola  nut. 

2.  Trans,  sect,  of  do. 

3.  Do.  stained  with  iodine. 

4.  Do.  stained  with  haematoxylin. 

5.  Kola  starch  in  glycerine,  polarized. 

6.  Do.  in  naphthalin  amber,  polarized. 

7.  Pod  of  the  Kola  tree,  entire,  preserved  in  its  natural 
condition. 

8.  Kola  nuts  extracted  from  the  pod. 

Exhibits  Nos.  1-8:  by  Thos.  B.  Briggs. 

9.  Photomicrographs  of  Kola  starch :  by  Edw.  G.  Love. 

Mr.  Briggs  presented  a  very  interesting  description  of  his 

exhibits,  being  an  account  of  the  ancient  and  present  use  of 

* 

the  kola  nut  in  its  original  habitat,  Africa,  by  the  natives  for 
the  purposes  of  barter,  religious  and  social  ceremonies,  and 
especially  for  the  purposes  of  resisting  hunger,  thirst,  and 
fatigue.  Fie  also  referred  to  the  present  cultivation  and  use 
of  the  true  kola,  Cola  accuminata  Robert  Brown,  in  the  West 
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Indies,  and  its  remarkable  stimulating  and  resistant  effects 
upon  both  the  black  and  white  residents,  He  gave  a  detailed 
botanical  account  of  the  tree  and  its  fruit,  and  the  description 
was  illustrated  by  an  entire  pod  of  the  kola  tree,  preserved  in 
its  natural  condition;  by  kola  nuts  extracted  from  the  pod, 
and  by  a  fine  colored  plate  of  parts  of  the  tree,  flowers  and 
fruit. 


Meeting  of  February  21ST,  1896. 

The  President,  Dr.  Edw.  G.  Love,  in  the  chair. 

Nineteen  persons  present. 

Mr.  P.  H.  Dudley,  C.  E.,  addressed  the  Society  on  “Struct¬ 
ure  in  Steel.”  This  address  was  illustrated  by  specimens  of 
etchings  of  steel  under  three  microscopes,  by  30  other  speci¬ 
mens  of  steel  showing  structure,  by  48  photomicrographs  of 
etchings,  etc,  and  is  published  in  this  issue  of  the  Journal. 


Meeting  of  March  6th,  1896. 

The  Vice-President,  Dr.  F.  D.  Skeel,  in  the  chair. 

Nineteen  persons  present. 

OBJECTS  EXHIBITED. 

1.  Saws  of  Elm  Saw-fly,  Cimbex  americana ,  mounted  in  bal¬ 
sam  20  years  ago:  by  J.  D.  Hyatt. 

2.  Stomata  of  leaf  of  Geranium:  by  W.  J.  Lloyd. 

3.  Portion  of  an  abundant  mass  of  algae  from  a  tap  of  the 
Jersey  City  water  supply:  by  Frederick  Kato. 

From  the  Society’s  Cabinet: 

4.  Volcanic  glass,  Pele’s  Hair. 

5.  Hornblendic  granite,  Syene,  Egypt. 

6.  Eruptive  rock  altered.  Matrix  of  opal. 

7.  Deep  sea  dredgings,  China  Sea. 

8.  “  Challenger  ”  soundings,  1,850  fathoms. 

Mr.  Hyatt’s  exhibit  brought  out  some  remarks  on  the  dura¬ 
bility  of  balsam  mounts:  Mr.  Riederer  saying  that  he  pos¬ 
sesses  one  which  is  thirty  years  old, 
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PUBLICATIONS  RECEIVED. 

American  Monthly  Microscopical  Journal :  Vol.  XVI.,  No.  io — Vol.  XVII. 
No.  2  (October,  1895-February,  1896). 

The  Microscope:  Vol.  III.,  No.  10 — Vol.  IV.,  No.  2  (October,  1895-Feb¬ 
ruary,  1896). 

Bulletin  of  the  Torrey  Botanical  Club  :  Vol.  XXII.,  No.  10 — Vol.  XXIII., 
No.  2  (October,  1895-February,  1896). 

The  Observer  :  Vol.  VI.,  No.  9 — Vol.  VII.,  No.  3  (September,  1895-March, 
1896). 

Anthony’s  Photographic  Bulletin:  Vol.  XXVI.,  No.  11 — Vol.  XXVII., 
No.  3  (November,  1895-March,  1896). 

School  of  Mines  Quarterly:  Vol.  XVII.,  Nos.  1,  2  (November,  1895-Jan- 

uary,  1896). 

Natural  Science  Association  of  Staten  Island:  Vol.  IV. ,  No.  20 — Vol  V., 
No.  4  (October,  1895-February,  1896). 

Psyche:  Vol.  VII.,  Nos  235-239  (November,  1895-March,  1896). 

Journal  of  the  Franklin  Institute  :  Vol.  CXL.,  No.  839 — Vol.  CXLI., 
No.  843  (November,  1895-March,  1896). 

Zoological  Laboratory,  University  of  Pennsylvania,  Contributions:  Vol.  I., 
No.  2  (1895). 

Field  Columbian  Museum,  Publications :  Nos.  4-7  (August-November, 

1895). 

Academy  of  Sciences  of  St.  Louis,  Transactions:  Vol.  VII.,  Nos.  4,  5 

4 

December,  1895-January,  1896). 

Cincinnati  Society  of  Natural  History,  Journal,  Vol.  XVIII.,  Nos.  1,  2 
(April-July,  1895). 

Rochester  Academy  of  Science,  Proceedings  :  Vol.  II.,  No.  4  (May,  1895). 
Geological  Survey  of  New  Jersey.  Artesian  Wells.  By  Lewis  Woolman. 
From  the  author  (1895). 

Portland  Society  of  Natural  History,  Journal:  Vol.  I.,  No.  1  (1864).  Pro¬ 
ceedings  :  Vol.  I.,  No.  2  (1869). 

Minnesota  Botanical  Studies,  Bulletin  :  Vol.  IX.,  No.  7  (November,  1895). 
Chicago  Academy  of  Sciences,  Report  (1895).  Bulletin  :  Vol.  II.,  No.  2 

(1895). 

Denison  University  Scientific  Laboratory,  Bulletin  :  Vol.  IX.,  No.  1  (De¬ 
cember,  1895). 

Oberlin  College  Laboratory,  Bulletin  :  No.  3  (July,  1895). 

Journal  of  Elisha  Mitchell  Scientific  Society  :  Vol.  XII.,  No.  1  (July,  1895). 
Massachusetts  Horticultural  Society,  Transactions  :  1894.  Part  2. 

Iowa  Academy  of  Sciences,  Proceedings  :  (1895). 

Colorado  Scientific  Society,  Three  Papers  (1895). 

Museum  Comparative  Zoology,  Report  (1895).  Bulletin  :  Vol.  XXVII., 
Nos.  3-7  (July,  1895-January,  1896). 

American  Academy  of  Arts  and  Sciences,  Proceedings  :  Vol.  XXII.  (1895). 
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Boston  Society  of  Natural  History,  Proceedings  :  Vol.  XXVI.  (1895) — Vol. 
XXVII.,  pp.  1-6  (March,  1896). 

American  Museum  of  Natural  History,  Bulletin,  Vol.  VII.  (1895). 

Academy  of  Natural  Sciences  of  Philadelphia,  Proceedings:  1895,  Parts  2,  3. 
California  Academy  of  Sciences,  Proceedings  :  Vol.  V.,  Part  1  (1895). 
Cornell  University  Agricultural  Experiment  Station,  Bulletin:  Nos.  99-112 
(August,  1895-February,  1896). 

Alabama  Experiment  Station,  Bulletin  :  Nos.  65-67  (June-November, 

1895). 

Michigan  State  College  Experiment  Station,  Bulletin:  Nos.  127,  128  (Sep¬ 
tember,  1895). 

Iowa  Experiment  Station,  Bulletin  :  Nos.  27-30  (1895). 

Geological  Survey  of  Canada:  Maps,  sheets  364-551  (1895). 

Nova  Scotian  Institute  of  Science,  Proceedings  :  Vol.  III.,  Part  4  (1895). 
Hamilton  Association,  Journal  :  No.  11  (1895). 

Natural  History  Society  of  New  Brunswick,  Bulletin  :  No.  13  (1895). 

The  Ottawa  Naturalist:  Vol.  IX.,  Nos.  7-12  (October,  1895-March,  1896). 
Journal  of  the  Royal  Microscopical  Society:  1895,  Parts  5,  6  ;  1896,  Part  1. 
International  Journal  of  Microscopy  and  Natural  Science  :  Vol.  V.,  No.  28 
— Vol.  VI.,  No.  29  (October,  1895-January,  1896). 

Journal  of  the  Quekett  Microscopical  Club  :  Vol.  VI.,  No.  37  (November, 

1895)- 

Manchester  Microscopical  Society  :  Transactions  and  Annual  Report  (1893, 
1894). 

Scottish  Microscopical  Society,  Proceedings  :  Session  of  1894-95.  ^ 

The  Naturalist  :  Nos.  244-248  (November,  1895-March,  1896). 

North  Staffordshire  Naturalists’  Field  Club:  Annual  Report  and  Transactions 
(18951- 

Royal  Society  of  New  South  Wales,  Journal  and  Proceedings  :  Vol. 
XXVIII.  (1894). 

Royal  Society  of  South  Australia,  Transactions:  Vol.  XIX.,  Part  2  (De¬ 
cember,  1895). 

The  Victorian  Naturalist:  Vol.  XII.,  Nos.  5-9  (August-December,  1895). 
Records  of  the  Australian  Museum  :  Vol.  II.,  Nos.  6-7  (September,  1895- 
January,  1896). 

Naturwissenschaftlicher  Verein,  Frankfurt-a-Oder,  Helios  :  Vol.  XIII., 
Nos.  1-6  (April-September,  1895).  Societatum  Litterse  :  Vol.  IX.,  Nos.  4-8 
(April-August,  1895). 

Wissenschaftlicher  Club  in  Wien.  Jahresbericht  (1895-96).  Monatsblatter  : 
Vol.  XVII.,  Nos.  1-5  (October,  1895-February,  1896). 

Naturwissenschaftlicher  Verein  zu  Osnabruck.  Jahresbericht  :  Vol.  X. 
(1893-94). 

Naturforschende  Gesellschaft  zu  Freiburg.  Bericht :  Vol.  IX.  (June,  1S94- 
November,  1895). 

Nassauischer  Verein  fiir  Naturkunde.  Jahrbuch  :  Vol.  XLVHr.  (1895). 
Verein  fur  Naturkunde  zu  Kassel.  Bericht  :  Vol.  XL.  (1894-95). 
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Schweizerische  Naturforschende  Gesellschaft.  Verhandlung:  Vol.  LXXVII. 
(1894). 

Societe  Helvetique  des  Sciences  Naturelles.  Compte  Rendu  (1894). 

Societe  Beige  de  Microscopie,  Bulletin:  Vol.  XXI.,  Nos.  7-9  (1894-95). 

La  Feuille  des  Jeunes  Naturalistes  :  Vol.  XXVI.,  Nos.  301-305  (Novem¬ 
ber,  1895-March,  1896). 

Societe  d’Etude  des  Sciences  Naturelles  de  Beziers,  Bulletin  :  Vol.  XVII. 
(1894). 

Societe  Nationale  des  Sciences  Naturelles  de  Cherbourg.  Memoires  :  Vol. 
XXIX.  (1892-95). 

Societe  des  Sciences  Naturelles  de  la  Creuse.  Memoires:  Vol.  VIII., 
No.  2  (1894). 

Societe  les  Amis  des  Sciences  de  Rochechouart,  Bulletin  :  Vol.  V.,  Nos.  1-3 
(March-July,  1895). 

Societe  Imperiale  des  Naturalistes  de  Moscou,  Bulletin  :  1895,  Nos.  1,  2. 

Le  Botaniste  :  Vol.  IV.,  Nos.  4,  5  (August,  1895). 

La  Notarisia  :  Vol.  X.,  Nos.  2,  3  (April-September.  1895). 

Bullettino  della  Societa  Botanica  Italiana  :  1895,  No.  6. 

University  of  Upsala  :  Twelve  scientific  publications  (1893,  1894). 

Nuovo  Giornale  Botanico  Italiano  :  Vol.  II.,  No.  4  (November,  1895). 

L’Academie  d’Hippone,  Bulletin  :  No.  27  (1895). 

Accademia  di  Scienze,  Acireale,  Transactions  :  Vol.  VI.  (1894). 

Museo  de  la  Plata.  Revista:  Vol.  VI.,  Part  2  (1895). 

Museo  Nacional  de  Montevideo.  Anales  :  Vol.  III.  (1895). 

Sociefe  Scientifique  du  Chili.  Actes :  Vol.  IV. ,  No.  5 — Vol.  V.,  No.  3 
(August-December,  1895). 

Revista  Chilena  de  Hijiene  :  Vol.  II.  (1895). 

Studies  of  Ants,  Wasps  and  Bees,  by  Charles  Janet.  Three  publications. 
From  the  author. 

Three  publications  by  Dr.  D.  Antonio  de  Gordon  y  de  Acosta.  From  the 
author. 

Seventeen  Mycological  publications  by  Dr.  Pietro  Voglino.  From  the 
author. 

The  Brooklyn  Medical  Journal:  Vol.  IX.,  No.  11 — Vol.  X.,  No  3  (Novem¬ 
ber,  1895-March,  1896). 

Pacific  Medical  Journal:  Vol.  XXXVIII.,  No.  11 — Vol.  XXXIX.,  No.  3 
(November,  1895-March,  1896). 

Photographs  of  Fungi.  From  the  author,  C.  G.  Lloyd.  Issues  3-6. 

The  National  Druggist  :  Vol.  XXV.,  No.  11  —  Vol.  XXVI.,  No.  3  (Novem¬ 
ber,  1895-March,  1896). 

Johns  Hopkins  University  Circulars:  Vol.  XV.,  Nos.  121-123  (October, 
1895-February,  1896). 

Le  Diatomiste  :  Vol.  II.,  Nos.  10,  11  (September,  December,  1895). 

Toner  lecture  on  Cancerous  Tumors  (1873).  Microscopical  Observations 
in  S.  Carolina,  Georgia  and  Florida.  By  Prof.  J.  W.  Bailey  (1850).  Marine 
Invertebrata  of  Grand  Manan.  By  William  Stimpson  (1853).  New  Species 
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